Abstract
Introduction
Analgesia and sedation are important therapies used in critically ill patients; however, too much sedation is associated with a longer duration of mechanical ventilation and a longer intensive care unit (ICU) stay [1] . ICU patients, particularly those with mechanical ventilation, have a rate of delirium as high as 80%, in addition to greater mortality, a longer duration of hospital stay, greater hospital costs [2, 3] , and poor long-term outcomes [4] . In published papers, benzodiazepine has been shown to be associated with delirium, patients from surgical [5] and burn [6] ICUs that are exposed to benzodiazepine are at increased risk of delirium (2.2 and 6.8 fold increased risk, respectively). Analgesia as a basement of sedation can reduce the amount of sedatives used, and we can thus infer that an analgesic-based sedation protocol may reduce the incidence of delirium due to a reduction in the amount of sedatives used. The purpose of this study is to investigate the influence of analgesic-based benzodiazepine sedation on delirium and outcomes in critically ill patients, in addition to the risk factors of delirium.
Materials and methods

Study design and participants
The study protocol was registered on www.clinicaltrials.gov (NCT02078583) and approved by the Clinical Research Ethics Committee of Peking University People's Hospital (IRB 2013-14) . Written informed consent was obtained from all patients' legal authorized principal (the patient's spouse, parents or children). This single center prospective randomized controlled trial was performed from September 2014 to January 2015 at Peking University People's Hospital. The inclusion criteria were as follows: (1) signing a consent form by the patients' legal authorized principal; (2) admission to the surgical ICU; (3) requirement for mechanical ventilation with the time of mechanical ventilation anticipated to be greater than 24 hours; (4) requirement for midazolam sedation; and (5) age greater than 18 and less than 85 years. Patients were excluded if they met any of the following criteria: (1) intracranial lesions, neurosurgical intervention, mental disabilities or coma such that they were unable to cooperate; (2) alcohol abuse; (3) history of delirium or antipsychotic use at home described according to the medical history or family members; (4) allergy to the investigational drug or other contraindications; or (5) women who were pregnant or lactating.
Exposure
Fig 1 present this single center, prospective randomized controlled trial design (S1, S2 and S3 Text). A total of 105 patients were randomly allocated to three groups(1:1:1): (1) fentanyl 1μg/ kg/hr and midazolam; (2) remifentanil 1μg/kg/hr and midazolam; and (3) normal saline 1μg/ kg/hr and midazolam. Midazolam was administered with a loading dose of 0.05 mg/kg followed by 0.02-0.1 mg/kg/hr. The treatment administered until patients were weaned from the ventilator. Randomization was performed by the sealed envelope system, in which the study nurse randomly opened a preformed envelope containing the allocated treatment regimen. Different treatments were offered to patients in identical vials and boxes. Each box was also labeled with a numerical code, unique to treatment allocation and again blinded from both the investigator and study participant, as an additional measure to allow review of the correct treatment allocation by the study nurse. Sedation was assessed using the Richmond agitation sedation scale (RASS) every 4 hours to maintain a RASS score within -1 to -3.
Outcomes and covariates
Baseline data including demographic characteristics, APACHE II scores within 24 hours after admission, baseline Child-Pugh classification (Table 1) , and baseline creatinine were collected as well as the daily mean blood pressure (MAP) and pain scale score before and after sedation. Pain was assessed using the behavior pain scale (BPS) and the critical-care pain observational tool (CPOT). The primary endpoints are the occurrence (patient is positive for delirium at least one 8am assessment) and duration (in hours) of delirium. Sedatives were stopped to conduct daily sedation interruption every 24 hours on 8am, and then delirium was assessed by the primary nurse of each patient during this period of time using the confusion assessment method for the intensive care unit (CAM-ICU). Once the patients is diagnosed with delirium dexmedetomidine was used to release the symptom. If the patient is positive for delirium at the first 8 am assessment and treated with dexmedetomidine the primary nurse will make a every-2-hour reassessment using CAM-ICU until the patient is negative for delirium or the next day morning at 8 am. The same process is conducted every day till the patient discharge from ICU or die. The duration of delirium is the total time in hours of delirium positive. And the second endpoints are pertaining to efficacy of the analgesic (pain scales) and critical illness related outcomes: awakening time(the average duration each day from the time stopping the sedatives to the patient's RASS score >0), weaning time(the total duration from the beginning of weaning to going off the ventilator), duration of mechanical ventilation (the total hours when the patient is ventilated), length of ICU stay, and 28-day mortality(all patients are followed-up till die or the 28 th day from the adimission to the ICU).
Statistical analysis
A sample size of 90 patients was expected to provide 90% power (two-sided, α = 0.05, β = 0.10) for detection of a significant difference about absolute 35% decrease of delirium rate in remifentanil group compared to the control group with hypothesized delirium rate of 46%. To anticipate potential drop-out rate of 15%, we aimed to include a total of 105 patients, 35 patients in each group. Continuous variables are presented as the means ± standard deviation (SD) or as medians (inter-quartile ranges). The differences between multiple samples were compared using one-way analysis of variance (ANOVA), and the differences between two samples were compared using an independent samples t-test or a Mann-Whitney U test. Categorical variables are presented as the number of patients (percentage), and data were 
Results
Demographic of the patients
105 patients were included in this study, with 35 patients in each group, all the patients included received the intended treatment and the outcomes were analyzed. No differences were found in the patient characteristics among the three groups with regard to sex, age, body weight, surgical type, severity of illness (APACHE II score), baseline liver and renal function and the situation of septic shock ( Table 2 ).
Occurrence and duration of delirium
Significant differences were noted in the delirium rate among the three groups (P = 0.014, 22.9% for the remifentanil group, 40% for the fentanyl group, and 57.1% for the control group). Compared to the control group, patients in the remifentanil group had a significantly lower rate of delirium (P = 0.007). No other statistical intergroup differences were found. Although the rate of delirium in the fentanyl group was less than that in the control group, it was not statistically significant; this was also the case when the remifentanil group was compared to the fentanyl group. Therefore, we can infer that compared to fentanyl, remifentanil has an advantage in reducing delirium. We did not observe any significant differences in the duration of delirium among the three groups (P = 0.494); however, patients who received remifentanil tended to have the shortest duration of delirium. (Table 3 ). Efficacy of analgesia Significant differences were observed in the amount of daily sedatives that the patients received in the three groups (P = 0.002). Compared to the control group (178.95±43.73 mg/day,), the patients in remifentanil (160.57±32.95 mg/day, P = 0.038) and fentanyl (146.76±31.86 mg/day, P = <0.001) groups required less midazolam each day. The difference between remifentanil and fentanyl groups was not statistically significant. Patients receiving fentanyl had the lowest daily midazolam consumption. No difference was found in the amount of analgesics administered between fentanyl and remifentanil groups. Patients who developed delirium were treated with dexmedetomidine, and a significant difference was found for the daily amount of dexmedetomidine administered within the three groups (P = 0.036). Compared to the fentanyl group (0.65±0.22 mg/day, P = 0.05) and the control group (0.62±0.14 mg/day, P = 0.007), the remifentanil group had the lowest daily dexmedetomidine intake (0.43±0.12 mg/day), and no difference was found between the fentanyl and control groups (P = 0.782). No significant differences in pain score were observed before and after sedation among the three groups, and no difference was found in the mean blood pressure. From these results, we can infer that the efficacy and safety of analgesia is the same in the three groups. (Table 3 ).
Characteristics of critical illness related to outcomes
No significant differences were found in the awakening time (P = 0.783), weaning time (P = 0.670) and duration of mechanical ventilation (P = 0.485) among the three groups; however, compared to the control group, a trend was noted that patients who received remifentanil had a shorter duration of awakening time, weaning time, and mechanical ventilation. Conversely, fentanyl showed a trend toward increasing the awakening and weaning time along with the duration of mechanical ventilation. No significant differences were observed for the length of ICU stay among the groups (0.540). Regarding 28-day mortality, a trend was noted in which fentanyl-or remifentanil-based sedation produced a lower rate than observed in the control group, but this trend was not statistically significant (P = 0.497) ( Table 3) . (Table 5 ).
Risk factors for delirium
Deceased vs. surviving patients 15 (14.29%) of the 105 patients died, and no differences were observed in those patients compared to the surviving patients with respect to age, sex, body weight, surgical type, baseline hepatic and renal function as well as the condition of septic shock. The deceased patients had greater APACHE II scores (19.67±5.11 vs. 23.20±6.12, p = 0.018), a lower percentage of analgesic-based sedation therapy (40% vs. 68.9%, P = 0.041). The rate of delirium was significantly greater in the deceased patients (93% vs. 31.3%, P<0.001). No differences were found in the duration of delirium, awakening time, weaning time, and mechanical ventilation and the length of ICU stay (Table 6 ).
Discussion
Both acute and chronic mental dysfunction, especially those related to analgesics and sedatives have attracted increasing attention. Delirium is a syndrome characterized by disturbances of consciousness, attention, cognition, and perception that develops over a short period and tends to fluctuate throughout the day. It is the most common form of acute mental dysfunction in critically ill patients and has been defined as the sixth vital sign that should be routinely assessed routinely [7] . The PAD guidelines (Clinical Practice Guidelines for the Management of Pain, Agitation, and Delirium in Adult Patients in the Intensive Care Unit) in 2013 made delirium an important consideration and recommended routine monitoring of delirium in adult ICU patients [8] . Data regarding the relationship between benzodiazepine and delirium is consistent. Studies from medical [9] , surgical trauma [10] and burn [6] ICUs have revealed that benzodiazepine use may be a risk factor for the development of delirium in adult ICU patients. In our study, we found the patients who received midazolam sedation without analgesics had a rate of delirium as great as 57.1%. The PAD guidelines suggest that sedation strategies using nonbenzodiazepine sedatives (either propofol or dexmedetomidine) may be preferred over sedation with benzodiazepines (either midazolam or lorazepam) to improve clinical outcomes in mechanically ventilated adult ICU patients [8] . The data are insufficient to determine the relationship between propofol use and the development of delirium in adult ICU patients [9] . Furthermore a prolonged infusion of propofol leads to hyperlipidemia and for patients with unstable hemodynamic are more susceptible to hypotension. Some trials have demonstrated that dexmedetomidine maybe associated with a lower prevalence of delirium than benzodiazepine infusions [11, 12] . However, for patients who require deep sedation, dexmedetomidine will not achieve the desired sedative depth. Furthermore, both propofol and dexmedetomidine cost much more than benzodiazepines. Therefore, the use of benzodiazepines, especially in patients with unstable hemodynamic requiring deep sedation, is inevitable. We performed this study to determine how to reduce the incidence of delirium associated with benzodiazepines and, specifically, to investigate whether analgesic-based sedation protocols can reduce delirium in ventilated critically ill patients with midazolam sedation. Insufficient analgesia results in worsening stress, sleep deprivation, cognitive dysfunction, anxiety, even delirium and post-traumatic stress disorder (PTSD) [13] [14] [15] . The synergistic effect of analgesia and sedation is reflected by the fact that analgesics can reduce the amount of sedatives required [16] . In this study, we observed that fentanyl and remifentanil cause a significant reduction in the required dose of midazolam.
More recently, some studies have focused on analgesic-based sedation protocols. Rozendaal [17] found that remifentanil together with propofol, given when necessary, compared to propofol or midazolam together with opiates when necessary results in shorter ICU length of stay and duration of ventilation and better sedation-agitation scores (SAS). Other studies that compared analgesic-based sedation to traditional sedation revealed a significant reduction in the duration of mechanical ventilation [18, 19] . A single center randomized control trial compared no sedation (opiates only for analgesia) with sedation (20 mg/ml propofol for 48 h, 1 mg/mL midazolam thereafter), and patients receiving no sedation had significantly more days without ventilation. No difference was observed in the occurrence of accidental extubation or ventilator-associated pneumonia [20] . Therefore, analgesia is of great importance. Conflicting data exist with respect to the relationships between delirium and opiates. One study inferred that fentanyl is a risk factor for delirium in surgical and traumatic ICU patients [10] . However, some researchers have found that fentanyl can reduce the occurrence of delirium [6] . Remifentanil and delirium have rarely been investigated. The results from patients in the post anesthesia care unit (PACU) have shown that, compared to fentanyl, remifentanil reduced delirium in post-operative patients [21] . Another study evaluated the effect of different analgesics (fentanyl, sufentanil, and remifentanil) combined with dexmedetomidine on mechanically ventilated patients, remifentanil combined with dexmedetomidine reduced the occurrence of delirium [22] . In our study, we found that compared to sedation using midazolam only, remifentanil, when it is used as an analgesic, combined with midazolam sedation can significantly reduce the rate of delirium, whereas fentanyl showed an insignificant trend. From these results, we can infer that remifentanil has an advantage over fentanyl with respect to preventing the development of delirium. Furthermore, remifentanil can reduce the use of dexmedetomidine prescribed to address delirium. That is patients who receive remifentanil once delirium developed, the delirium would be simple to treat. Remifentanil is a potent μ-receptor agonist with the unique features of rapid onset and rapid predictable offset of action, which makes it quickly adjustable to the required level of analgesia. A randomized control trial revealed that remifentanil is superior with respect to awakening, reducing sedatives, and extubation time compared to morphine [16] . We found that remifentanil had the equivalent analgesic effect of fentanyl, which was manifested by no differences in the pain scale before and after treatment, and no differences were found regarding side effects, such as hypotension. We can infer that midazolam sedation based on adequate analgesia can reduce delirium and has good safety. The results of our study showed that fentanyl has a potential effect of prolonging the awakening time and duration of mechanical ventilation; therefore, remifentanil may have an advantage over fentanyl in mechanically ventilated patients. Analgesic-based sedation did not significantly improve the ICU length of stay compared to the control group. We observed a trend for remifentanil and fentanyl to improve the 28-day mortality, however it was not statistically significant. In our study, we observed that delirious patients had higher APACHE II scores, which is consistent with a previous study [23] , and a poorer Child-Pugh classification, from which we could identify poor liver function as a predictor of delirium. The logistic regression demonstrated that remifentanil combined with midazolam is the independent protective factor for delirium. From this finding, we could infer that administering opioids, especially remifentanil, as a basic analgesic treatment could significantly reduce the occurrence of delirium in patients receiving midazolam. We found that the deceased patients had higher APACHE II scores which implies that the severity of the illness may increase the risk of death. We also found that deceased patients had lower percentage of analgesic-based sedation therapy, therefore, we could infer that, for patients receiving midazolam, administering opioids analgesia could effectively reduce the occurrence of delirium and may further improve the mortality rate at 28 days.
The shape of the Lowess plots are not smooth enough may due to the small sample size and relative few patients with delirium. However both the Hosmer Lemeshow test and observed vs. predicted graph demonstrate the logistic regression model of good fit.
Some limitations of our study exist. First, all patients received midazolam; therefore, the results cannot be applied to other sedatives, such as propofol or dexmedetomidine. Second, patents in our study were all surgical ICU patients; the findings cannot be applied to other ICU patients. In addition, this is a single center trial with a small sample; the results deserve further confirmation in trials at multiple centers with a large sample.
Conclusion
Patients who received benzodiazepines have a relatively greater risk of delirium; analgesics can reduce the amount of sedatives required and can further reduce the occurrence of delirium and improve the prognosis. Remifentanil may have an advantage over fentanyl in reducing delirium. 
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